A series of 5 wt% NiO/Al-SBA-15 catalysts were prepared by wet impregnation of ordered, 20 mesoporous Al-SBA-15 supports (Si/Al molar ratios spanning 5-75) synthesised by a true 21 liquid crystal templating (TLCT) method. The catalytic activity of the resulting catalysts was 22 studied in the solventless, hydrogen-free deoxygenation (DO) of palm fatty acid distillate 23 (PFAD), using a semi-batch reactor at 350 °C. 27 Al and 29 Si MAS-NMR was used to quantify 24 the speciation of framework and extra-framework Al as a function of Si:Al ratio, before and 25 after NiO functionalisation; TEM and XRD confirmed the formation of 9-10 nm NiO 26 nanoparticles in all cases. NiO/Al-SBA-15 catalysts exhibited excellent catalytic activity for 27 PFAD deoxygenation, with hydrocarbon yields reaching 86 % and a selectivity to the diesel 28 fraction (C11-C17) of 91 %. 29 30
INTRODUCTION 34
Research and development into the production of green diesel fuel from renewable 35 plant, algae or fatty acid containing oil feedstocks is an attractive advanced technology to 36 replace the use of fossil fuels as transportation fuels, and reduce the worldwide dependence 37 on crude oil as a main energy source. Green diesel can be classified as a second-generation 38 biofuel as it involves the use of non-food derived resources as the feedstock, such as 39 lignocellulosic waste biomass, waste cooking oil and non-edible components of plant 40 temperature for a few hours. Next, the solution was heated slowly with stirring at ~80 °C and 134 maintained until the light green milky suspension was almost dry. The resulting material was 135 dried for 18 hours in an electrical oven at 80 °C. The resulting dried samples were ground 136 into a fine powder and then calcined in a muffle furnace at ramp rate of 5 °C min -1 to 550 °C, 137
where it was maintained for 5 hours. The resulting catalysts were labelled NiO/Al-SBA-138 15(n), where n denotes the Si/Al molar ratio (5, 25, 50 and 75). NiO/SBA-15 was also 139 prepared for comparison using the same procedure. The SBA-15 catalyst support was 140 prepared using the same TLCT method described in the literature [24] . 141 142
Catalyst Characterization 143
The resulting powder samples were characterized using a Bruker D8 Advance 144 diffractometer fitted with a LynxEye X'celerator detector at CuKα (λ = 1.54 Å) for phase 145 confirmation. X-ray diffraction (XRD) patterns were collected by wide-angle scans between 146 10° to 80°, with a step size of 0.02° and a scan rate of 1 s. Low-angle XRD patterns were 147 scanned between 0.45 to 8°, with a step size of 0.01° and scan rate of 0.6 s. The Scherrer 148 equation was used to calculate the volume-averaged crystallite diameters. An ASAP 149
Micromeritics 2020 instrument was used to analyse the catalysts by N2 physisorption. All 150 catalysts were degassed at 150 °C for two hours to remove moisture and unknown gases 151 before the nitrogen gas adsorption-desorption measurements were conducted at -196 °C. The 152 specific surface area was calculated by the Brunauer-Emmett-Teller (BET) method, and the 153 pore size distribution and pore volume of the catalyst were calculated by the Barrett-Joyner-154
Halenda (BJH) method using the nitrogen desorption branches of the isotherm. An X-ray 155 fluorescence (XRF) (Bruker S8 Tiger) instrument equipped with a rhodium tube operating at 156 4 kW was used to determine the elemental composition and metal loading of the catalysts. 157
Samples were analysed without any special pre-treatment. 158
The acidity of the catalyst was investigated through temperature programmed 159 reaction of propylamine, using thermogravimetric analysis coupled with mass spectrometry 160 (TGA-MS). Prior to analysis, 30 mg of catalyst was wet-impregnated with a small amount 161 of propylamine (Sigma-Aldrich, ≥ 99%) and dried in a fume hood under lamellar flow before 162 drying in a vacuum oven overnight at 40°C. The impregnated catalyst was analysed by TGA 163 instrument (Mettler Toledo TGA/DSC2 STAR) between 40 and 800 °C under flowing 164 nitrogen (30 ml/min) at a ramp rate of 10 °C/min. The effluent gas from TGA was passed 165 and monitored through a Pfeiffer Vacuum ThermoStar MS at m/Z = 41 for propene 166 desorption. The acidity of the catalyst was measured by quantification of reactively formed 167
propene from the acid sites. The characteristic acid sites (Brønsted/Lewis) on the catalyst 168 were studied with a diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) 169 using pyridine as a probe molecule. Prior to analysis, the catalysts were ground with KBr (50 170 wt.%) into a fine powder, wetted with neat pyridine and left to dry under a fume hood before 171 drying overnight in a vacuum oven at 40 °C. DRIFT spectra were collected at room 172 temperature in absorbance mode using a Thermo scientific Nicolet iS50 FTIR spectrometer 173 with an MCT detector and Smart Collector accessory. obviously larger than the average pore size of the catalyst support, indicating that a number 288 of NiO particles were present on the external surface of the mesoporous catalyst support. 289
The elemental composition of the Al-SBA-15 supports and corresponding supported 290
NiO catalysts prepared with various Si/Al mole ratios were investigated using XRF elemental 291 analysis ( Table 1 Figure S4 shows the temperature-300 programmed desorption of reactively formed propene from propylamine decomposition over 301 the parent Al-SBA-15 supports, which indicates that the acidity of all synthesized materials 302 was greatly improved when Al 3+ was present in the framework of the catalyst support. The 303 presence of NiO particles on the corresponding catalyst support (Figure 3 ) also slightly 304 increased the acid site loading slightly as shown in Table 1 , which suggests Lewis acidic 305 Ni 2+ sites in the surface of NiO may also contribute to propylamine decomposition. All 306 synthesized catalyst supports exhibited propene desorption in a similar range of temperatures 307 at ~430 °C, with the acid site loading increasing with decreased Si/Al molar ratio; 308 corresponding supported NiO catalyst exhibited a similar trend but with a slightly lower 309 desorption temperature of ~420 °C. The lower temperature of propene desorption suggeststhere is a synergy between NiO and acid sites on the Al-SBA-15 support catalyst that 311 increases the acid strength of the synthesized catalyst. The most acidic catalyst is Ni/Al-SBA-312 15(5), which is believed to comprise a large amount of both Brønsted and Lewis acidic sites. 313
The lowest acid site loading was observed for Ni-SBA-15, which had only Lewis acid sites, 314
and is most likely attributed to defects on the SiO2 support and low coordination Ni 
